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▼The isolation of recombinant mammalian cells with de-
fined expression levels requires extensive screening. Due to
random integration, transfection or injection of DNA leads
to cell clones in which the integration site and multicopy
number affects foreign gene expression. To overcome these
problems efforts have been made to create cell lines with
predictable gene expression. One approach is to target the
expression cassette to predefined chromosomal loci in the
cell line of interest. FRT or loxP-tagged reporter genes, intro-
duced into favorable chromosomal loci, permit analysis of
cells with relevant expression. Subsequently, FLP- or Cre- re-
combinase enable sequence-specific targeting of these loci.
However, the FRT/Flp- and loxP/Cre- recombinase systems
still demand screening for specific integration events (Ref.
1, 2, 3). By contrast with embryonic stem cells, homologous
and sequence specific recombination in fibroblastoid cells
is considered to be very inefficient. While for embryonic
stem cells a protocol has recently been published that al-
lows efficient targeting using the FRT/Flp system (Ref. 4), in
fibroblastoid cells the FRT/Flp system was not considered
favorable (Ref. 5). Here, we present an improved targeting
method that allows the isolation of targeted recombinants
in one step in fibroblastoid cells. Cell lines containing a FRT-
tagged retroviral reporter construct can be targeted with the
gene of interest with 100% efficiency. The strength of this
system lies in the unique combination of the characteristics
of retroviruses, the improved double FRT/Flp system and a
stringent selection for the targeting event.
In our system a retroviral vector pCMVGALEO is used
to screen for appropriate integration sites. The retroviral
vector pCMVGALEO contains β-galactosidase (LacZ), fol-
lowed by the fusion gene hygromycin B phosphotrans-
ferase/thymidine kinase as a positive/negative selection
marker. The 3′ LTR of pCMVGALEO contains two FRT-sites
in tandem, a wild type (F1) and a mutant FRT form (F2),
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followed by an ATG-defective neomycin resistance gene
(Figure 1a). Helper cell transfectants and infectants from
these helper cells show hygromycin B resistance. The retro-
viral replication cycle is used to exploit the natural duplica-
tion of the 3′ LTR U3 region into the 5′ LTR (Ref. 6). Infec-
tants with these retroviruses have incorporated a provirus
with two identical LTRs, each modified with the double
FRT/neo cassette (Figure 1b). The use of retroviruses at low
multiplicity of infection guarantees single copy integration.
Furthermore, retroviruses seem to prefer integration at loci
of high transcriptional potential.
For specific targeting the vector pTARGET1 is transfected
in the presence of Flp recombinase. pTARGET1 carries the
two FRT-sites F1 and F2, flanking a transcription unit for the
gene of interest and aCMVpromoter, which initiates down-
stream transcripts. An ATG-codon is positioned in such a
way that, after cassette exchange, the defective neomycin
resistance gene in the remaining LTR of the provirus is com-
plemented (Figure 1c). As a result of specific targeting a
functional neomycin resistance gene is generated, with F2
integrated into the reading frame. With this strategy the
introduction of useless vector sequences into the chromo-
somal DNA is avoided. The wild-type FRT site can only re-
combine with another wild-type FRT site, while the mutant
FRT site recombines only with the same mutant site (Ref.
7, 8). So the use of these two different FRT-sites renders the
recombinant integrant (Figure 1c) resistant to further Flp
recombinase activity.
The performance of the targeting system as outlined
in Figure 1 is demonstrated by the following experiment.
Hygromycin B resistant infectants were screened for sta-
ble β-galactosidase expression. Five stably expressing cell
clones with single-copy integration of the provirus at dif-
ferent chromosomal loci (A–E in Table 1) were chosen to
test sequence specific recombination targeting and exci-
sion as outlined in Figure 1c and Figure 1d. Recombinant
cell clones that have specifically integrated the targeting
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FIGURE 1. Strategy for efficient targeting of chromosomal integration sites by means of sequence specific Flp/FRT recombination. The retroviral vector
pCMVGALEO (a) is transfected into packaging cells. These cells release virus which is used to infect the cells of interest. The provirus (b), integrated into
the host genome, shows duplication of the U3 region of the 3′ LTR to the 5′ LTR. The reporter and the selection gene are flanked by the two LTRs, each
carrying the F1/F2-neomycin cassette. One-step targeting (b-c): cotransfection of the Flp recombinase expressing plasmid (pFlp) and the targeting vector
pTARGET1 leads to sequence specific recombination which is detected by G418 selection: the defective neomycin resistance gene in the LTR is
complemented by the missing promoter (PCMV) and the ATG, positioned in frame after recombination. Two-step-targeting (b-d-c): Transfection of pFlp
alone provokes sequence specific excision of the expression cassette through recombination of the F1 or F2 sequences: These cells are characterized by
hygromycin B and G418 sensitivity, gancyclovir resistance and by the loss of β-galactosidase expression. In the second step cotransfection of pFlp and
pTARGET1 gives rise to the specifically integrated G418-resistant clones.
Table 1. Efficiency of excision and sequence specific integration in NIH3T3 cell clones
Single clone A B C D E
One-step targeting (b-c in Figure 1): cotransfer of pFlp and pTARGET1
GANC (TK−) 380 133 356 173 70
G418 (Neo+) 66 69 0 5 11
G418-GANC (Neo+,TK−) 85 68 0 12 12
Excision (b-d in Figure 1): transfer of pFlp alone
GANC (TK−) 328 532 300 126 80
Two-step targeting (b-d-c in Figure 1): cotransfer of pFlp and pTARGET1
G418 (Neo+) 18 15 n.d. n.d. n.d.
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Table 2. Summary of the targeting efficienties
obtained for the positive, positive followed by
negative or negative selection of the targeted events
Selection G418 G418-GANC GANC
Clones obtained 151 177 1112
Clones analyzed by
Southern blot
35 40 50
Clones targeted 35 40 0
Targeting efficiency 100% 100% 0%
sequence should exhibit G418 resistance (Neo+), hy-
gromycin sensitivity (hyg−) and gancyclovir resistance
(TK−). In a one-step experiment the clones A, B, C, D and
E were transfected with both the Flp recombinase express-
ing plasmid (pFlp corresponds to pOG44M in Ref. 1) and
the targeting vector pTARGET1. The cells were selected for
G418 or gancyclovir. For amore stringent selection the cells
were first selected for G418 until clones appeared and sub-
sequently were put on gancyclovir selection. The number
of clones for A, B, C, D and E, resulting from each selec-
tion, are indicated in Table 1. Southern blot analysis (data
not shown) proved that all G418-resistant clones replaced
the reporter cassette for the targeting cassette: 10 clones
for each proviral integration site A, B, E and all G418 re-
sistant clones for D were analysed. The difference in tar-
geting frequency is thought to be due to the difference
in chromosomal environment of the proviral integration
site (Ref. 6). Gancyclovir selection alone gave much more
clones (Table 1). Southern blot analysis of gancyclovir resis-
tant clones (50/50) showed only excision (data not shown).
Thus, the negative selection failed to reveal specifically in-
tegrated cell clones. This shows that excisional recombina-
tion is favoured strongly over integration upon negative se-
lection and emphasizes the need for the stringent selection
with the truncated neomycin system. In none of the cases
was random integration of the pTARGET1 vector found.
Table 2 summarizes the targeting efficiencies for the differ-
ent selection methods.
In a two-step experiment the expression cassette was first
excised by transferring pFlp alone (Figure 1d). Gancyclovir
selection screens for loss of the thymidine kinase gene, re-
vealing efficient excision in all cell clones (Table 1). Excised
cell clone mixtures from A and B were targeted with pTAR-
GET1 and pFlp. The resulting G418 resistant cells clones
showed specific integration of the target cassette into the
excised locus, which was confirmed by Southern blot anal-
ysis (10/10 each for A and B). However, the rate of specific
targeting is lower if compared with the one-step procedure.
These experiments reflect the stringency of this type of
selection for specific integration, thus, guaranteeing effi-
cient targeting, which makes further screening for specific
integration superfluous. Using this method it is shown that,
for clones with different proviral chromosomal integration,
one can rescue targeted clones with 100% efficiency by a
stringent positive selection only. Targeting methods gen-
erally suffer from the need for extensive screening; this is
owing to the fact that negative selection alone might only
reveal excision events and that simple positive selection
systems also detect randomly integrated vector copies. By
comparison with a similar method, published previously,
this protocol represents a maximal improvement of the tar-
geting efficiency: for 2 different proviral integration sites,
62 clones were obtained after a combined positive and neg-
ative selection on the targeted events. However, only 1
clone out of the 62 showed site-specific integration and
was, moreover, accompanied by multiple random integra-
tions of the targeting vector (Ref. 6). The latter is not found
in any case for the new method. This strategy of sequence
specific integration is ideal for repeated integration of dif-
ferent foreign genes into a predefined chromatin structure
with a predictable expression pattern. The integration reac-
tion eliminatesmost of the viral elements, thereby reducing
unwanted transcriptional interference with the integrated
transcriptional unit (Ref. 9).
Protocol
Recombinant retroviruses for screening are produced by
calcium phosphate transfection of retroviral helper cells,
which are selected for hygromycin B resistance (200 U/ml
hygromycin B in PA317 cells). The supernatant of these
producer cells is used to infect the cells of interest. Hy-
gromycin B resistant clones are isolated and evaluated for
their β-galactosidase expression.
Targeting: 1×105 cells are transfected with pTARGET1
and pFlp (3 µg and 10 µg respectively for NIH3T3 cells).
Excision frequency is tested on the same amount of cells by
transfection of pFlp. As a control, cells are transfected with
pTARGET1 only. Screening for targeted cells is started three
days after transfection by splitting the cells and subjecting
them to the different selection pressures (drug concentra-
tions are given for NIH3T3 cells): G418 (1 mg/ml); G418 (1
mg/ml) for seven days, followed by gancyclovir selection
(20 µM); and GANCYCLOVIR (20 µM) alone.
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